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DFFXUDWHPHWKRGV IRU HYDOXDWLRQ RI SRZHU SURGXFWLRQ WR HQDEOH LQWHUDFWLYH GHVLJQ DQG RSWLPL]DWLRQ RIZLQG IDUP
OD\RXWV

7KLV VWXG\ XVHV WKH SRZHU SURGXFWLRQ DV WKH OD\RXW GHVLJQ SDUDPHWHU ZKHUH OD\RXW UHIHUV WR WKH QXPEHU DQG
SRVLWLRQLQJRIWXUELQHVZLWKLQWKHZLQGIDUPDUHD7KHUHDUHFOHDUO\RWKHUSDUDPHWHUVWRFRQVLGHUVXFKDVIDWLJXHORDGV
VHD EHG FRQGLWLRQV DQG WKH HOHFWULFDO V\VWHP EXW WKH SRZHU SURGXFWLRQ LV FRQVLGHUHG WKH GRPLQDQW OD\RXW GHVLJQ
SDUDPHWHU>@

7KHFXUUHQWVWDWHRIWKHDUWLVWRXVHVLPSOLILHGPRGHOVIRUWKHWXUELQHZDNHVVLQFHWKH\DUHFRPSXWDWLRQDOO\IDVW
0DQ\GLIIHUHQWZDNHPRGHOVH[LVWDQGDUHLQXVHLQFRPPHUFLDOZLQGUHVRXUFHVRIWZDUHVXFKDV:D63ZZZZDVSGN
:LQG3UR ZZZHPGGN:LQG352 DQG *+ :LQG)DUPHU ZZZJOJDUUDGKDVVDQFRP 7KH -HQVHQ PRGHO >@ LV
SUREDEO\ WKH ILUVWZDNHPRGHOSURSRVHG7KHPRGHO LVEDVHGRQD OLQHDUH[SDQVLRQRI WKHZDNH UHJLRQDQGPDVV
FRQVHUYDWLRQ6LQFHWKHQVHYHUDORWKHUVLPSOLILHGPRGHOVKDYHEHHQLQWURGXFHG)RUH[DPSOHWKH)UDQGVHQPRGHO>@
DQGWKH$LQVOLHPRGHO>@6WXGLHVKDYHEHHQSHUIRUPHGFRPSDULQJPDQ\RIWKHVHZDNHPRGHOVLQDQRIIVKRUHVHWWLQJ
VHHIRUH[DPSOH>@)URPWKHVHVWXGLHVQRSDUWLFXODUPRGHOVHHPVWRRXWSHUIRUPWKHRWKHUPRGHOV,QODUJHZLQG
IDUPVWKHVHZDNHPRGHOVDSSHDUWRXQGHUSUHGLFWZDNHORVVHV>@

&RPSXWDWLRQDO)OXLG'\QDPLFV&)'LVDSRZHUIXOWRROZKLFKFDQEHXVHGIRUVROYLQJWKHFRPSOH[IORZLQDZLQG
IDUP VLQFH ZDNH HIIHFWV DUH LQKHUHQWO\ VLPXODWHG &)' LV KRZHYHU FRPSXWDWLRQDOO\ H[SHQVLYH ZKLFK PDNHV LW
XQVXLWDEOH LQ DQ LQWHUDFWLYH GHVLJQ WRRO ZKHUH WKH XVHU H[SHFWV IDVW UHVSRQVH 7KLV OHDGV WR WKH LQYHVWLJDWLRQ RI
DOWHUQDWLYH&)'EDVHGWHFKQLTXHVIRUVROYLQJWKHZLQGIDUPIORZ)XJD>@LVDSURPLVLQJOLQHDUL]HG&)'PRGHOIRU
RIIVKRUH ZLQG IDUPV 7KH PRGHO SHUIRUPV VHYHUDO RUGHUV RI PDJQLWXGH IDVWHU WKDQ WKH VWDQGDUG &)' VLPXODWLRQ
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5H\QROGV$YHUDJHG1DYLHU6WRNHV 5$16HTXDWLRQV7KLVDSSURDFK UDWKHU WKDQ VLPSOLI\LQJ WKH5$16HTXDWLRQV
VLPSOLILHV WKH VROXWLRQ VSDFH DQG VWLOO LQFOXGHV WKH QRQOLQHDU HIIHFWV 0RGHO UHGXFWLRQ LV D WHFKQLTXH ZKLFK KDV
VXFFHVVIXOO\EHHQDSSOLHGWR&)'PRGHOVZLWKLQRWKHUDUHDVRIDSSOLFDWLRQHJVWXG\RIIORZSDVWDUHFWDQJXODUFDYLW\
>@FRPSUHVVLEOHIORZV>@RSWLPDOURWDU\FRQWURORIF\OLQGHUZDNH>@DQGFRPSXWHUJUDSKLFV>@>@2WKHU
H[DPSOHVLQFOXGHZHDWKHUIRUHFDVWLQJLPDJHSURFHVVLQJVLJQDODQDO\VLVDQGGDWDFRPSUHVVLRQ>@7RRXUNQRZOHGJH
PRGHOUHGXFWLRQKDVQRW\HWEHHQDSSOLHGWRZLQGIDUPIORZXVLQJVWHDG\VWDWH5$16
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
,QGLVFUHWL]HGIRUPWKHVHHTXDWLRQVFDQEHH[SUHVVHGDVPDWULFHVDSSOLHGWRVWDWHYHFWRUV*LYHQDVWDWHYHFWRUࢗ
FRQVLVWLQJRIWKHWKUHHYHORFLW\FRPSRQHQWVWKHSUHVVXUHWKHWXUEXOHQWNLQHWLFHQHUJ\DQGWKHHIIHFWLYHYLVFRVLW\WKH
GLVFUHWL]HGYHUVLRQRIWKHVWHDG\VWDWHLQFRPSUHVVLEOH5$16PRPHQWXPHTXDWLRQVPD\EHZULWWHQ
൫ܣ௤ ൅ ܲ െ ௤ܸ െ ܭ൯ࢗ ൌ Ͳ  
7KHPDWULFHVܣ௤ ܲ  ௤ܸ DQGܭ DUH ODUJH VSDUVH PDWUL[ UHSUHVHQWDWLRQV RI WKH RSHUDWRUV IRU WKH DGYHFWLRQ WHUP
SUHVVXUH WHUP YLVFRVLW\ WHUP DQG WXUEXOHQW NLQHWLF HQHUJ\ WHUP UHVSHFWLYHO\ 7KH VXEVFULSW T RQ WKH QRQOLQHDU
DGYHFWLRQDQGYLVFRVLW\PDWUL[RSHUDWRUVGHQRWHVWKDWWKH\GHSHQGOLQHDUO\RQWKHVWDWHYHFWRUࢗ

/HWࢇ୘ ൌ ሾܽଵǡ ܽଶǡڮ ǡ ܽ୑ሿZKHUHܯLVPXFKOHVVWKDQWKHQXPEHURIJULGFHOOV1LQWKH&)'VROXWLRQEHDYHFWRU
RIFRHIILFLHQWVZKLFKUHSUHVHQWWKHVWDWHLQWKHUHGXFHGVSDFH7KHQWKHUHFRQVWUXFWHGVWDWHLQWKHIXOOVSDFHPD\EH
H[SUHVVHGDV
ࢗ ൌ σ ܽ௠࣐௠ெ௠ୀଵ ൌ ܤࢇ  
ZKHUH ൌ ሾ૎ଵǡ૎ଶǡڮ ǡ૎୑ሿ א Թ଺୒ൈ୑LV WKHPDWUL[FRQWDLQLQJ WKHEDVLVYHFWRUV ,QVHUWLQJ WKLV LQWRHTXDWLRQDQG
XVLQJ*DOHUNLQSURMHFWLRQRQWRWKHUHGXFHGVSDFHOHIWPXOWLSO\LQJE\ܤ்UHVXOWVLQWKHHTXDWLRQ
൫σ ܽ௠ܤ்൫ܣఝ೘ െ ఝܸ೘൯ெ௠ୀଵ ܤ ൅ ܤ்ሺܲ െ ܭሻܤ൯ࢇ ൌ ૙  
(TXDWLRQ  LV D UHGXFHG RUGHUPRGHO RI WKH VWHDG\ VWDWH 5$16PRPHQWXP HTXDWLRQV 7KH IXOILOOPHQW RI WKLV
HTXDWLRQLVXVHGDVDFRQVWUDLQWWRDYRLGQRQSK\VLFDOVROXWLRQVVHHVHFWLRQ,QSUDFWLFHZHORRNIRUWKHYDOXHV
RIWKHFRHIILFLHQWYHFWRUࢇWKDWPLQLPL]HVWKHOHIWKDQGVLGHRIHTXDWLRQ

6LQFHWKHUHGXFHGVSDFHLVPXFKVPDOOHUWKDQWKHIXOOVSDFHHYDOXDWLRQRIDVROXWLRQLQWKHUHGXFHGVSDFHLVPXFK
IDVWHU
&RQVWUXFWLRQRIEDVLV
7KHFRQVWUXFWLRQRIDORZHUGLPHQVLRQDOUHSUHVHQWDWLYHEDVLVLVDFULWLFDOVWHSLQPRGHOUHGXFWLRQ7KHEDVLVPXVW
EHODUJHHQRXJKWRVSDQWKHPRVWVLJQLILFDQWSRVVLEOHVROXWLRQVZKLOHDWWKHVDPHWLPHEHVXIILFLHQWO\VPDOOWRHQDEOH
IDVWFRPSXWDWLRQWLPHV

$ FRPPRQ DSSURDFK IRU FRQVWUXFWLQJ WKH EDVLV LV WKH PHWKRG RI VQDSVKRWV >@ >@ FRPELQHG ZLWK 3URSHU
2UWKRJRQDO'HFRPSRVLWLRQ32'6QDSVKRWVDUHW\SLFDOO\SURGXFHGE\UXQQLQJ&)'VLPXODWLRQVDQGH[WUDFWLQJWKH
VROXWLRQIRUGLIIHUHQWERXQGDU\FRQGLWLRQVDQGDWGLIIHUHQWWLPHVWHSVLIWKHSKHQRPHQRQLVWLPHGHSHQGHQW)URP
WKLVVHWRIVQDSVKRWVDQRUWKRQRUPDOEDVLVFDQEHFRQVWUXFWHGE\DSSO\LQJ6LQJXODU9DOXH'HFRPSRVLWLRQ69'
ZKLFKKDVWKHSURSHUW\WKDWWKHOHIWVLQJXODUYHFWRUVVSDQWKHVDPHVSDFHDVWKHVQDSVKRWVDUHRUWKRQRUPDODQGVRUWHG
DFFRUGLQJWRWKHLUVLJQLILFDQFHZLWKUHVSHFWWRUHSURGXFLQJWKHVQDSVKRWVHW,IWKHVQDSVKRWVDUHOLQHDUO\LQGHSHQGHQW
WKHQXPEHURIEDVLVYHFWRUVZLOOEHHTXDOWRWKHQXPEHURIVQDSVKRWV7\SLFDOO\PDQ\VQDSVKRWVDUHSURGXFHGDQGWKH
PRVWVLJQLILFDQWOHIWVLQJXODUYHFWRUVIURP69'WRDUHNHSWWRIRUPWKHEDVLV7KHVHYHFWRUVDUHDOVRNQRZQDVWKH
32'PRGHV,WLVLPSRUWDQWWKDWWKHVQDSVKRWVSURGXFHGDUHUHSUHVHQWDWLYHIRUWKHFDVHVWREHVWXGLHGVRWKDWWKHEDVLV
LVVXLWDEOHIRUUHFRQVWUXFWLQJWKHDFWXDOIORZILHOGV
7LOLQJ
:HFDSWXUHORFDOL]HGEHKDYLRUDURXQGHDFKZLQGWXUELQHE\LQWURGXFLQJWLOHVDURXQGHDFKRIWKHP$WLOHLVDWKUHH
GLPHQVLRQDOUHJLRQZLWKIL[HGVL]HFRQWDLQLQJHLWKHUDZLQGWXUELQHDWDIL[HGSRVLWLRQUHODWHGWRWKHER[ERXQGDULHV
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RUQRZLQGWXUELQH:HFDOOWKHVHWXUELQHWLOHVDQGHPSW\WLOHVUHVSHFWLYHO\&RPSOHWHZLQGIDUPVFDQEHDVVHPEOHG
LQWHUDFWLYHO\LQUHDOWLPHIURPWXUELQHWLOHVDQGHPSW\WLOHVVHH)LJ

)LJ$VVHPEOLQJDZLQGIDUPIURPWLOHVFRQWDLQLQJWXUELQHVZLWKHPSW\WLOHVLQEHWZHHQ
,QSULQFLSOHHDFKWLOHFDQKDYHLWVRZQEDVLV+RZHYHULQWKLVSDSHUZHXVHRQHFRPPRQEDVLVIRUWXUELQHWLOHVDQG
DQRWKHUFRPPRQEDVLVIRUHPSW\WLOHV
7KHFRPELQHGREMHFWLYHIXQFWLRQ
7KHRYHUDOOEHVW VROXWLRQPLQLPL]HV WKHGLVFUHSDQF\RI WKHERXQGDU\YDOXHVERWKEHWZHHQ WLOHVDQG WRH[WHUQDO
FRQGLWLRQVZKLOHDWWKHVDPHWLPHPLQLPL]HVWKHGLVFUHSDQF\WRWKH5$16PRPHQWXPHTXDWLRQV

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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ZKHUH[LVDFRPSRXQGYHFWRURIWKHUHGXFHGVSDFHVROXWLRQRIDOOWKHWLOHVZKLFKVKDUHERXQGDULHV

7KHREMHFWLYHIXQFWLRQ&[IRUILWWLQJWKHVROXWLRQVDWWLOHERXQGDULHVKDVWKHIRUP
ሺܠሻ ൌͳʹ ൣ ሺͳ െ Ƚሻ	ሺܠሻ ൅ Ƚሺܠሻ൧ǡ
 
ZKHUHĮLVDVFDODUEHWZHHQDQG)[LVWKHERXQGDU\ILWWLQJIXQFWLRQGHULYHGLQ>@DQG5[LVWKHIXQFWLRQ
IRUWKHVWHDG\VWDWHLQFRPSUHVVLEOH5$16HTXDWLRQVVHHWKHOHIWKDQGVLGHRIHTXDWLRQ7KHFKRLFHRIĮUHSUHVHQWV
DFRPSURPLVHEHWZHHQWKHERXQGDU\GLVFUHSDQFLHVDQGWKHPRPHQWXPGLVFUHSDQFLHV
5HVXOWV
:HKDYHXWLOL]HGWKH&)'VLPXODWRU&05:LQG>@IRUVROYLQJWKHWUDQVLHQW5$16HTXDWLRQVDQG
JHQHUDWLQJWKHEDVLVIRUWKHWLOHV)RUWKHILUVWWHVWFDVHZHXVHDWXUELQHRIW\SH%21860.,,,N:ZLWKDKXE
KHLJKWRIPDQGDURWRUGLDPHWHURIPZKLOHIRUWKHRWKHUWHVWFDVHVZHXVHDWXUELQHRIW\SH%21860:
ZLWKDKXEKHLJKWRIPDQGDURWRUGLDPHWHURIP7KHLQIORZZLQGILHOGIRUDOO WKHWHVWFDVHVLVDQHXWUDOO\
VWUDWLILHGIORZRYHUDVXUIDFHRIURXJKQHVVOHQJWKRIFP

7KHSRZHUSURGXFWLRQRIDZLQGWXUELQHW\SLFDOO\VWDUWVDWWKHVRFDOOHGFXWLQVSHHGDQGLQFUHDVHVDVDIXQFWLRQRI
WKHZLQGVSHHGFXEHGXQWLOVRPHSRLQWZKHUHWKHEODGHVDUHDGMXVWHGWROLPLWWKHSRZHUSURGXFWLRQWRDPD[LPDOOHYHO
$FXELFUHODWLRQVKLSEHWZHHQSRZHUDQGZLQGVSHHGPHDQVWKDWDQ\UHODWLYHGLVFUHSDQF\LQWKHZLQGVSHHGZLOOKDYH
WKUHHWLPHVWKHHIIHFWRQWKHUHODWLYHGLVFUHSDQF\RIWKHSRZHU






 dƵƌďŝŶĞdŝůĞ ŵƉƚǇdŝůĞ
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
)RUDOOWKHWHVWFDVHVLQWKLVUHSRUWLWWDNHVOHVVWKDQDVHFRQGWRFRPSXWHDVROXWLRQRQDIRXUFRUHGHVNWRSFRPSXWHU
&URVVZLQGPRYHPHQWRIWXUELQHV
7KH ILUVW WHVW FDVH LV DQ LGHDOL]HG WKUHHWXUELQH V\VWHPZLWK ZLQG IURP WKH ZHVW KDYLQJ WZR WXUELQHV DW IL[HG
SRVLWLRQVLQWKHIURQWDQGRQHWXUELQHWREHSRVLWLRQHGGRZQVWUHDPVHH)LJOHIW7KHLQIORZZLQGVSHHGDWKXE
KHLJKWLVPV

7KHIURQWWLOHVDQGWKHGRZQVWUHDPWLOHDOOVKDUHWKHVDPHEDVLV:HJHQHUDWHVL[&)'VLPXODWLRQVIRUGLIIHUHQW
FURVVZLQGSRVLWLRQVRIWKHEDFNPRVWWXUELQHWXUELQH&E\PRYLQJWKHWXUELQHIURPWKHFHQWHUSRVLWLRQPXSWR
PDORQJWKHYHUWLFDOD[LV)URPWKHVHVLPXODWLRQVIRUHDFKWLOHZHH[WUDFWILYHVQDSVKRWVDERYHWKHFHQWHUSRVLWLRQ
ILYHPLUURUVQDSVKRWVEHORZWKHFHQWHUSRVLWLRQDQGRQHVQDSVKRWIURPWKHFHQWHUSRVLWLRQIRUDWRWDORIVQDSVKRWV
IRUHDFKWLOHJLYLQJVQDSVKRWVLQWRWDO)URPWKHVHVQDSVKRWVZHXVH69'WRFUHDWHWZREDVHVRQHZLWKWKHILYH
PRVWVLJQLILFDQWPRGHVDQGRQHZLWKWKHPRVWVLJQLILFDQWPRGHV

:HWKHQFRPSXWHVROXWLRQVZLWKPRGHOUHGXFWLRQRIWKHIORZILHOGIRUHTXLGLVWDQWSRVLWLRQVRIWKHGRZQVWUHDP
WXUELQH&EHWZHHQWKHFHQWHUSRVLWLRQWRGLUHFWO\EHKLQGWXUELQH%7RLQYHVWLJDWHWKHVHQVLWLYLW\RIWKHUHVXOWVWRWKH
QXPEHURIEDVLVPRGHVZHFRPSXWHUHVXOWVXVLQJILYHDQGEDVLVPRGHV)LJULJKWVKRZVWKHUHVXOWLQJSRZHU
SURGXFWLRQRIWXUELQH&DVDIXQFWLRQRILWVFURVVZLQGSRVLWLRQ7KHHOHYHQUHGSRLQWVVTXDUHDQGFLUFXODUVKRZWKH
UHVXOWVIURPIXOO&)'VLPXODWLRQV7KHVL[VTXDUHSRLQWVFRUUHVSRQGWRWKHVQDSVKRWVXVHGWREXLOGWKHEDVLVDQGWKH
UHPDLQLQJILYHFLUFXODUSRLQWVDUHLQGHSHQGHQWFRQWUROSRLQWV8VLQJEDVLVPRGHVVHHPVWREHVXIILFLHQWWRUHSUHVHQW
WKHIORZIHDWXUHVQHHGHGIRUSURGXFWLRQHVWLPDWLRQ$GGLWLRQDOO\WKHSURGXFWLRQHVWLPDWHVIRUILYHPRGHVLQWKHEDVLV
DOVRVKRZDUHDVRQDEO\JRRGDSSUR[LPDWLRQRIWKHUHVXOWVSURGXFHGE\&)'VLPXODWRU

)LJ/HIWVROXWLRQRIWKH[FRPSRQHQWRIWKHIORZILHOGPVDWKXEKHLJKWIRURSWLPDOSRVLWLRQRIWXUELQH&ZLWKUHVSHFWWRSRZHUSURGXFWLRQ
XVLQJEDVLVPRGHVDQGDQĮRI5LJKW3URGXFWLRQHVWLPDWHVIRUWKHZLQGIDUPIRUGLIIHUHQWSRVLWLRQVRIWXUELQH&7KHYDOXHPUHIHUVWR
DSRVLWLRQDWWKHPLGSRLQWEHWZHHQWKHWZRIURQWURZWXUELQHVDQGPUHIHUVWRDSRVLWLRQGLUHFWO\EHKLQGWXUELQH%
/LQHVHWXSVZLWKYDU\LQJGRZQVWUHDPGLVWDQFHV
7KHQH[WWHVWFDVHFRQVLVWVRIWHQWXUELQHVLQDOLQHZKHUHZHXQLIRUPO\YDU\WKHGRZQVWUHDPGLVWDQFHVEHWZHHQ
WKHP:HEXLOGWKHEDVLVIURP&)'VLPXODWLRQVZLWKWXUELQHGLVWDQFHVRIILYHDQGQLQHURWRUGLDPHWHUVPDQG
P7KHLQIORZZLQGVSHHGDWKXEKHLJKWLVPV7KHVQDSVKRWVXVHGIRUWKHEDVLVFRQVWUXFWLRQKDGWRKDYHWKH
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VDPHGLPHQVLRQVVRFRQVHTXHQWO\WKHUHLVDQRYHUODSRIWKHVQDSVKRWVH[WUDFWHGIURPWKHILYHURWRUGLDPHWHUFDVHDV
LOOXVWUDWHGLQ)LJ
:HFRQVWUXFWHGWKHEDVLVIURP&)'VLPXODWLRQVZLWKOHVVWKDQWHQWXUELQHV$QHTXDOQXPEHURIVQDSVKRWVIURP
WKH ILYH DQG QLQH URWRU GLDPHWHU FDVHV DUH XVHG WR FRQVWUXFW WKH EDVLV IRU H[DPSOH WKUHH VQDSVKRWV IURP WKH ILYH
GLDPHWHUFDVHDQGWKUHHVQDSVKRWVIURPWKHQLQHGLDPHWHUFDVHZKLFKZHODEHODVPRGHV

)LJ VKRZV FRPSDULVRQVRI WKHPRGHO UHGXFWLRQ UHVXOWV WR UHVXOWV VLPXODWHGZLWK&)' IRU FDVHVZLWK WXUELQH
GLVWDQFHVRI VL[ VHYHQDQGHLJKW URWRUGLDPHWHUV7KH WRWDOGHYLDWLRQRI WKHSRZHUSURGXFWLRQEHWZHHQ WKHPRGHO
UHGXFWLRQDQGWKH&)'UHVXOWLVOHVVWKDQZKHQXVLQJRUPRUHPRGHV6RPHDGGLWLRQDOUHVXOWVIRUWKLVWHVW
FDVHDUHUHSRUWHGLQ>@DQG>@
)LJ7KHSRZHUSURGXFWLRQIRUWKHVL[URWRUGLDPHWHUFDVH'WKHVHYHQURWRUGLDPHWHUFDVH'DQGWKHHLJKWURWRUGLDPHWHUFDVH'DVD
IXQFWLRQRIWKHWXUELQHQXPEHUIRUGLIIHUHQWEDVLVVL]HV:HFRQVWUXFWHGWKHEDVLVXVLQJDQHTXDOQXPEHURIVQDSVKRWVIURPVLPXODWLRQVZLWKILYH
DQGQLQHURWRUGLDPHWHUGLVWDQFHV
)LJ6QDSVKRWH[WUDFWLRQIURPVLPXODWLRQVZLWKWXUELQHGLVWDQFHVRIILYHDQGQLQHURWRUGLDPHWHUV
' '
'
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9DU\LQJZLQGVSHHGV
)RUWKHODVWWHVWFDVHZHVWXG\WKHEHKDYLRUIRUGLIIHUHQWZLQGVSHHGVLQQHXWUDOO\VWUDWLILHGIORZ:HFRQVLGHUIL[HG
WXUELQHSRVLWLRQVLQDOD\RXWDVLOOXVWUDWHGLQ)LJDQGZHVLPXODWHGWKHVHWXSZLWK&)'IRUZLQGVSHHGVDWKXEKHLJKW
RIPVPVPVPVDQGPV7KHVLPXODWLRQVRIPVDQGPVZLQGVSHHGDUHQRWXVHGWRFRQVWUXFW
WKHEDVLVEXWIRUDVVHVVLQJWKHPRGHOUHGXFWLRQUHVXOWV:HVWXG\KRZZHOOPRGHOUHGXFWLRQFDQUHSURGXFHWKHWXUELQH
SURGXFWLRQVIRUWKHVHZLQGVSHHGVXVLQJDEDVLVFRQVWUXFWHGIURPDVXEVHWRIWKHVHVLPXODWLRQV
1DWXUDOO\ WKHSURGXFWLRQRI WKHGRZQVWUHDP WXUELQHKDV WKHKLJKHVW GLVFUHSDQF\EHWZHHQ WKHPRGHO UHGXFWLRQ
UHVXOWVDQGWKH&)'UHVXOWV:HWKHUHIRUHIRFXVRXUDWWHQWLRQRQWKHSURGXFWLRQRIWKHGRZQVWUHDPWXUELQHDVDIXQFWLRQ
RI WKH VLPXODWLRQV XVHG WR SURGXFH WKH EDVHV DQG WKH VFDODUߙ  GHILQHG LQ VHFWLRQ  )LJ  VKRZV WKH UHODWLYH
GLVFUHSDQF\RIWKHSRZHUSURGXFWLRQRIWKHGRZQVWUHDPWXUELQH$VFDQEHVHHQWKHGHSHQGHQF\RQߙLVZHDNHUZKHQ
WKHEDVLVLVFRQVWUXFWHGIURPVLPXODWLRQVRIDQGPVDVRSSRVHGWRRQO\DQGPV,QRXUH[SHULHQFHWKH
YDOXH RIߙ VKRXOG QRW EH FORVH WR WKH H[WUHPH YDOXHV +HUH ZH VHH WKDW WKH GLVFUHSDQF\ LQFUHDVHV UDSLGO\ DVߙ
DSSURDFKHV,QHDUOLHUVWXGLHVZHKDYHREVHUYHGVLPLODUEHKDYLRUDVߙDSSURDFKHV
)LJ7KHGLVFUHSDQF\DVDIXQFWLRQRIĮIRUZLQGVSHHGPVOHIWDQGPVULJKW7KHEOXHFXUYHLVIRUDEDVLVFRQVWUXFWHGIURP&)'
VLPXODWLRQVRIZLQGVSHHGVPVDQGPVZKLOHWKHUHGFXUYHLVIRUDEDVLVFRQVWUXFWHGIURP&)'VLPXODWLRQVRIZLQGVSHHGVPVPV
DQGPV

)LJ7HVWVHWXSIRUWKHZLQGVSHHGVWXG\7KHGRZQVWUHDPWXUELQHLVSODFHGILYHURWRUGLDPHWHUVGRZQVWUHDPRIWKHWZRXSVWUHDPWXUELQHV
7KHGLVWDQFHEHWZHHQWKHWZRXSVWUHDPWXUELQHVLVURWRUGLDPHWHUV7KHEODFNOLQHVVKRZWKHRXWOLQHRIWKHWLOHV
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&RQFOXGLQJUHPDUNV
:HKDYHSUHVHQWHGDPRGHOUHGXFWLRQWHFKQLTXHEDVHGRQ&)'IRUIDVWIORZILHOGFRPSXWDWLRQLQZLQGIDUPV7KH
PRGHOUHGXFWLRQWHFKQLTXHLVLPSOHPHQWHGE\DWUDGHRIIREMHFWLYHIXQFWLRQEHWZHHQERXQGDU\FRXSOLQJRIWLOHVDQG
WKHVWHDG\VWDWH5$16PRPHQWXPEDODQFH:LWKWKLVSURSRVHGPRGHOUHGXFWLRQDSSURDFKUHVXOWVDUHFRPSXWHGZLWKLQ
VHFRQGVUDWKHUWKDQVHYHUDOKRXUVXVLQJ&)'VLPXODWLRQV

7KHPRGHOUHGXFWLRQWHFKQLTXHLVDEOHWRVLPXODWHWKHHIIHFWRIPDQ\LQWHUDFWLQJZDNHVIURPDUHODWLYHO\VPDOOVHW
RIXQGHUO\LQJ&)'VLPXODWLRQV)RUWKUHHGLIIHUHQWWHVWFDVHVWKHSRZHUSURGXFWLRQIURP&)'DJUHHVZHOOZLWKWKH
PRGHO UHGXFWLRQ UHVXOWV$OO WKH WHVW FDVHV WDNH OHVV WKDQRQH VHFRQG WR FRPSXWH7KLV VKRZV WKDW RQFH DEDVLV LV
FRQVWUXFWHGXVLQJWKHPRGHO UHGXFWLRQWHFKQLTXHVDYHVVLJQLILFDQWFRPSXWLQJ WLPHFRPSDUHGWR&)'VLPXODWLRQV
ZLWKRXW ODUJHVDFULILFHV WR WKHDFFXUDF\:HSODQ WRVFDOH WKHYHULILFDWLRQ VWXGLHV WR ODUJHUZLQG IDUPV LQ WKHQHDU
IXWXUH
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